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I. SUMMARY 

This thesis was uncertaxen in order to investigate 
the effect on rudder force charecteristics of variation of 
rucder position in a propeller race. It was thought thet the 
results would contribute to the general fund of information 
about rudders since, to the knowlecge of the uuthnors, such 
an investigation had never before been carried out. 

Utilizing the Fassachusetts Institute of Technology 
propeller tunnel, the experimental data ‘as obtained with a 
etrain gauge type dynamometer which measured forces on a rudder 
ina propeller race. The rudder was mounted in the dynamometer 
which in turn was mounted in the tunnel in such a manner that 
the rucder could be moved transversely in small increments 
across the race of « right-hand propeller. At each such posi- 
tion, lift and drag readings vere taken for rudder angles 
varying fron 30° left to 30° right rudder in 5° inorevents. 
The apesds of both tunnel and propeller were maintained con- 
stant throurvhout 211 runs. In order to establish the average 
velocity of the race, a traverse was made using a pitot tube 
which gave only the cosponent of velocity parallel to the tun- 
nel axis. This necessitated the assumotion that anzle of at- 
tack wag the came aa rudder angle. 

The results indicate that lift and drag vary widely 
depending upon the position of the rudder in the propeller raoe. 
A glance at Figures 18 and 19, nich best summarize the reeults, 


indicates thet the location of the rudcer at either extreme of 





| 
the race appears to result in an appreciable lose of lift 
althecugh this 18 accompanied by a reduced arag. The loss 
of Lift would apvear to make such a lLoeatic.i uncesirable fcr 
a warship. 

With the rudder located between one Sixth and one 
tnire of the propeller radius to the port side of the propeller 
centerline, very gooé Lift characterietics were found, but 
again this vas a region of high drag. On the basis of this 
experiment alone, using a single right-hand propeller, a 
Single rudder, and sonstant speed, At apvears that a narrov 
range may exist at about one aixth of the propeller radius 
to the starbourd side of the proneller centerline where a high 
Liftedrag ratio tocether with high Lift occurs. It is be- 
lievee that this cannot be stated conclueively until further 
intensive investigations are made, but the authors recommend 
that the region between one third of the raciue to port and 
one third of the radiue to starboard be thoroughly searched 
in small increments of transverse position using various con 
binations of rudders and propellers, anc further that the 
tunne: and propeller be operated at various speeds. The use 
of a énherical or universal pitot tube would obviate the 
neceesity for the ageunnvtion that an:le of attack eQquais rudcer 
angle. 

The variations found in Lift anc Grag vith transverse 
rudder vosition, amounting to as much aa 225,p0int to an optinun 
ruficer position, not necessarily on the propeller centerline, 
and 1t is strongly reconnenied that further investizations be 


made to Getermine anc define such a location. 
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Il. IN?PTROPUCTLON 

The problems of turning and stecring ships are as 
old as marine transportation itself, and in the present day 
of high speed surface and undersea warships are botl vital 
and acute. From the time of the earliest truly scientific 
investigations to the present, extensive reasearch and energy 
have been directed tovrards the development of the most effective 
and efficient means of maneuvering ships and towards methods of 
predicting reliably the performance of a particular desicn. 
Beyond this, effort hae been expended in all maritime nations, 
towards isolating the effecte of ship form, rudder shape, size, 
balance, and location on manevverability and turning character 
istica'?), 

Essentially all investiczationsa of rudders are con- 
cerned with Lift, drag, normal force, tangential force, and 
torque on the rudder, and the reduction of these forces, where 
possible, to dimensionless coefficients of maximum utility. 

The investisation of the effect on rudder force characteristics, 
asé measured by these coefficients, of varying the transverse 
position of a rudder in a propeller race was suggested by Hr. 

5S. C. Gover of the Davic &. Taylor Nodel Basin. To the knowl- 
edge of the authors and after a survey of the literature, such 
an investication has never Leen goncucted. On the other hand, 
investigations of the optimum midder location on a self-propelled 
model have been conducted. These concerned themselves primarily 
with optimum maneuverability of a particular hull form consider 
ing ail elements, form, propeller location, and rudder location 
aeting tocether!*?), 
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It t@® theréfore the tnhention of thie theala ts 
investiztate the effect on rucder force char .cterictics of 


Taryine the arsnreveree position of a rud#er ina ypropéller 


rice, anc thus to attenot to isolute one of the many variables 


aifecting turnince anc steering characteristics of ships. 





TIl. PROCyDUAL 

Initially it «2.8 apparent thet in orfer to obtain 
the necessary data for this thesis, means nust be found to 
measuze flov velooities sand propeller revolutions. ‘These 
vere required to define the characteristios of flow vast the 
ruccer with eufficient acsecuracy to evaluate the coefficients 
by which the performance of the ruccer could be messurec. 
Further it was necessary to develop « method of meunting a 
rudcer in &@ propeller race in such a way that transverse posi- 
tion unc rudder angle could be varteé at will, ané that at 
least tyes components of the force acting on the rudder could 
be deteriined. 

The M. L. PT. propeller tunnel, desiened by Professor 
FF. ©. Levis, apveared to be suite? ideally to the measurenent 
of flo: and propeller revolutions with accurete eontrol of 
each, and further eafforved an excellent means of mounting the 
rudder and making ovservations'2), Phe rudéer dynamoneter 
develonpea by Rupp and Elssinger proved to be trell adapted to 
transverse position variations as well as to the neasurement 
of forces aeting on the rudder for various rudder angles‘), 

The normal direction of floyr in the propeller tunnel 
46 one in «hich the water flows in Buch a direction that the 
ehafting and supporting struts are on the @Covnstream cide of the 
prooeller. For the pvurvose of thia inveetiL ation it was necs6e- 
sary to operate the tunnel vith raverse flow in order tht the 
shafting and strute would be on the upstream side of the oro- 


veller with the rudder in the propeller race. Since the noszle, 
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aiffuser, and straightenin, vanes of the tunrel were not dce- 
Signed for this direction of flow, the posetbility existec that 
the flow night be unsatisfactory. While it le highly probable 
that flow conditione in this reverse direction were not as uni- 
form as those of the designed flow direction 1t wae believed 
that they would be sufficiently uniform to provide, at the least, 
good compszrative data amons the various transverse rudcer posi- 
tions. Ali vohases of the investivation therefore were based upon 
this aseumption. In operating the tunnei in reverses, hovever, 
the venturi méter by which water velocity le measuree with the 
tunnel operating in the desifned direction, was found to be lo- 
cated ina region of unstable flow. It became necessary, tnere- 
fore, to install a pitot tube which could measure the average 
velocity of flow to the propeller. This nitot tube was placed 
about six inches forvard and five inches outboard of the pro- 
peller tip and was left in place throughout all rune. 

The rudcer dynamometer employs SR-/+ strain gauges to 
give a measure of lift, dregs ane torcue on the rudeer'*), The 
dynamometer was reguuged immediately vorior to Ata use and ail 
etrain gauges were tested prior to assembly of the dynamometer 
components. Certain minor modifications were mace to improve 
its charécterietice and ta alilsviate difficulties experienced 
in calibration. The dynamometer was bolted to Z-bars fitted at 
the top of the tunnel test section ac shown in Plate I. The 
upper flanse of these Z-barsa had holee drilled on one-inen centers 
80 that a complete traverse of the vroneller race could be made in 


one-inch increments. 





sefore ana alter tr2rts, the €ynanometer was calle 
brated by wounting LE in «a woeuen test agtand and aeoslying 
known horitontel tozac in the trinavarkge and lonzitucinsl 
Cirpeations to . test stool inserted in the cynasometer. Yhis 
was ace wmolishe: by reeviag « wire from the test etock. over oe 
pulley to 4 trelght pan and olecing Known welente on the pan. 
Strain readings for esch Longitudinal and transverse load thus 
apoliec vere reac on &@ Baléwin-Southvark strain indicator whion 
wes conneatec througn a ewlitching vox to the strain guuges on 
the dynamomever. The calibration curves obtained from these 
readings shovine strain readings versus apolie.. force are shown 
in Figures 1, 2 anc 23. ‘hen taking ceta during teste the re- 
verse proceuwure was used; that is strain readines were taken for 
longitudinal and transverse force an’ these were convertec 
cshrough the use of the Galibration curves into Lift an. drag. 

In arriving at the flow velocity to be used during 
the teste the force zetin,: upon the mucder was taken to be a 


aa 


func.ion of beveareal variables: 


Ferp, Vim, bl, ©, & &, Py, Po, --) 
where P= mass density of rater 
V 


= Average axiel velocity of the preveller 
race in way of the rudder in ft./sec. 


, A = visoosity of the fluid 


ah 
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a characteristic Llengtn of the body 
Gc =: speed of sound in ‘ater 
g = acceleration of gravity 
2 anile of attack 
ry» . = form factors 
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wy ° 
Since the ruccer can be 2seumed to be expanded geometrically 
to full thee Yor shin use, the form factors r Ty, --— are 
taken as constant. Hence, by dimensional analysis it can be 


Shown that: 


i oye be vy i, VE 
r= = ¥rer( A. ie 
2 ete 
where yy: = 
The term - , commonly Knovn as the Mach Numpoer, can 
C 


be considered to have negligible effect Since it is of importe 
ance only where it approaches or exceeds one, in which case 
shock effects may be of conseauence. Since V is very small in 
comparison with c, no shock effects ure to be expected. 

VL 
Y 
be kept constant in predicting full-scale performance from model 


The quantity , known as the Reynolds Number, should 
testes. Uf was mot posrlble to onerate at the same Reynolas Sum 
per in the tunnel as vould be encountered in full-scale opera- 
tion, but this wae not considered serious since flor in the | 
tunnel is turbulent at low water velocities. In the turbulent 
range af flow the effect of the Reynolds Number deersasesr as 

the Reynolcs Number increases, aprroaching zero aBymptoticaliy. 
It hse been shown in previous model tests in the M. 1. T. Pro- 
seller Tunnel that the effective Reynolds Tiumber is in that pom 
tion of the turbulent range where ite influence may be disre- 
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The Froude Number 23 16 of importance only there 
surfuce effects are encountered, and it has been shown in the 
past that geometricaily similer ehipe operating at the eame 
tpoude Humber will generate geometrica.ly similer surface 
wavee. The deed submergence of the ruccer durin’ there tests 
wa8 thought to be aufficient to eliminate surface effecte 
entirely. Nevertheless the ship on which such ea full-scale 
ruccer would normally be mountec would be subject to this 
Limitation and for this reason it wae considered appropriate 

to operate the tests at Such a velocity that the Prouce Number 
would be that of a typloal destroyer rvucdcer vith the ship oper 
ating at maximum spesd. The speed thue selected resulted ina 
flow velocity which fell within the favorable operating range 
of the tunnel and adynanometer. 

“hen the foregwoing analysis is employed for the cause 
of a rudder ina free stream, % 1s usually taken as the rndder 
angle. While it was recognized thet this use of A might not 
be rigorously correct for a rudder behind a propeller with the 
flow unevenly distributed by the propeller, an exact determina- 
tion of angle of attack was beyond the Limits of the eaguingent 
available. For this reason % , the angle of attaok, wus 
asgumed to be identical with rvder angle. 


The ruader force can be expreseed then as 


p= dpv“at(& ) 
Pal 
and 1f by definition 


Cy = £(%) 
ae ee 





then 
, <= CyhPVEA 


This force can be resolved into lift and crag conponents 


7.2? 
whence = Or 5PVA 
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and transforning 


Tnis is the form in which the results are presented. A sample 
calculation is shown in the Apnvoendix. 

The rudder used had an aspect ratio of one with an 
area of 12.03 scuare inches, a thickness ratio of 0.137 and 
303 balance. 

A&A conventional four~blade right-hand propeller with 
a Six-inch diameter and a constant pitch ratio of ons was ucec. 
it was operated at such a e@peed as to give a Blip representative 
of that for full-scale operation under the stated assumption 
that reasonable flow characteristics at the propeller would be 
realized. in order to ascertain this flov and to get an average 
fiow velocity at the rucder, a complete pltot traverse wasn made 
across the propeller race. The results of this traverse are 
shorn in Figure 3. 

In taking experimental data, the Gynamometer was lo- 
cated at «= speoifio transverse position and readings “sre taken 


for rucder anvles warying from 30° Left to 30° right rudder in 
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FIGURE 3 
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PLOT OF VELOCITIES ( ft./sec. ) ACROSS PROPELLER RACE 


Tunnel Velocity = 11.22 ft./sec. 
Propeller Speed = 1500 REM 








5° inorements. This procedure ias repeated for each of the 
trunsverse rucder pogitions. Propeller and tunnel Bpeede 
vere maintainec constant throughout the procedure. 

Plates Il through V show the rudder located at two 
aqifferent transverse positiona for each of rhich two rudder 
anglea are shown. Tunnel speed at the time of the photographs 


wus 11.22 feet per second and propeller speed was 1500 F.P.M. 
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Iv. RESULTS 


Results are shown entirely in graphical form 


in Figures 4 to 22. 
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¥. DISCUSSION OF RESULTS 

From the individual curves of Cy and Cp versus 
angle of attack, Figures 4 to 17, it copesrs that the values 
of the coefficients at the various angie, OF utteucx are in 
the right order of magnitude a& compared with values ob- 
tained from previous investigations for u zimilsr rudder 
ina free stream'*). Further the general characteristics 
of the curves appear to be reasonable by the sane standard. 
There 18 apparently some tendency towards higher coefficients 
when the rudder is in certain poeitions over oorresponding 
free stream valuas. A direct comparison may be obtained by 
comparing these curves witn those of Gogen and fara’? Tt 
should be noted, however, that the investigstion of the latter 
thesis was conducted with the tunnel operating in ite designed 
direotion. For this reason it 18 vcrobable that flow conditione 
variec between the two theses, and direct comparisons micht be 
misleading. The intent of the present investifration, as etated 
previously, has been limited deliberately to comparisons of 
relative oharacteristicsa among the various transverse positions, 
and agsumine that angele of attack and rudder an:le are the same. 
It is recommended that a spherical or universai voitot tube be 
used in future investications in order fo obtain three compon- 
ents of velocity. This would eliminate the neceesity for the 
asaAumption concerning angle of attack. 
In evaluating the results of this thesic, all informa- 
tion must be examinec in the light of the fact that a richt~-hand 


propeller was used, anc that the same information for a left-hand 
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proveller must be worked to the opposite hand. A right-hand 
propeller is defined as ome turning olockwise when viewed 
from astern. 

From the plot of lift eoefficient versus transverse 
rucéer vosition as a fraction of the propeller radius, Figure 18, 
it 16 immediately apparent that the lift coeffliolent falls off 
sharply for both left and right rudder for all rudder positions 
on the starboard side of the propeller axis. Similarly it is 
apparent that for rudder positions further outboard than two 
thirds of the propeller radius on the port side of the axis 
the lift coefficient deoresased rapidly. The optimum position 
for maximum G,, therefore, narrows to the range between the 
propeller axis and two thirds of the radius to port. Further 
4t is apparent as the rucder position is varied from one third 
to two thirds of the radius to vort, that while C, for left 
rudder is higher than that for the centerline position, Cy for 
right rudder is dropping sharply. Since it is patent that a 
shiv which will turn well in one @irestion only is undesirable, 
the ovotimum rance is further narroved to the range between the 
propeller axis and one third of the redius to port. Within this 
ranze therefore a close scrutiny of results is required. 

For left rudder within this rancze the rudder position 
at one third of the radius to port is ouite obviously the vosi- 
tion of maximum Cy for all rudder angles. Yor right rudder, 
maximum values of ©, occur progressively sloser to the propeller 
axis us the angle of attack deoreases, with the best value ap- 


pearing at about one fourth of the radius to port for an angle 
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of attack of 25°. ‘Taking right and lef? rudder togetner to 
Obtain an eptimum value of Gy Yor the cosvinatiun, it would 
appear that so far as C; slone 1£ concerned the best rudder 
position would be between one sixth to one third of the radius 
to port cepending upon the particul:r rudder angle for which 
optimum turning characteristics are desired. It will pe noted 
that the voints for an angle of attack for 30° are plotted but 
are not oross faired. These curves rere omitted delibertely 
Since it was found that rudder breakdown was beginning at or 
near the 30° positions and any curves plotted through these 
points could only be misleading. This applies to all of the 
cross curves of coefficient weraus transverse position. 

From the plot of drag coefficient veraus traneverse 
rudder position, Figure 19, a olearly defined minimum value of 
Cp is seen for all left rudder angles at about one s1xth of 
the propeller radius to starboard. Further, the value of C), 
for all left rudcer angles is seen to have two maximum values, 
the greater of which oocurs at a midder position of approxi- 
mately one half the prepeller radiue on the port side, and the 
lesser at a rudder position of approximately one half the radiue 
on the starboard side. As the rudder moves outboard of either of 
these two positions of maximum value, the coeffiolent decreases 
with inoreasing distance from the centerline. 

For right rudder values of Cy, a minimum value is ap- 
parent for all rudder angles at about five sixths of the pro- 
peller radius on the port side, and a maximum value is noted at 


rudder positions varying from about one sixth of the radius on 








the port side to about one haif the radius on the port side. 

Considering right anc left rudcer to:-ether to ob 
tain an optimum value of Cy for the combination, there is a 
minicium value at aporoxin.tely one-sixth redius on the star- 
board side and low values at both extremes of the propeller 
race. In view of the preceding anulysis of Cy, Le would ape 
pear that the position for minimum Cp nearest the centerline 
is of the most interest. 


The curves of C,, and © Figures 20, 21, and 22, @how 


N 5 i 

the same trende as those of Ch and CG. as troule be expectec. 
Tney are included Since these coefficients are not infrenuently 
usec. 

The results would apvear to indicate that the optimum 
lecation for a ruccer behind a right-hand propeller may not be 
on the conventional centerline position but possibly at a loca~ 
tion near one sixth of the prepeller radius to starboard. 
Surther intensive investigation would, of course, be required 
to conrirm this observation. It is recommended that future in- 
Veetications be along the lines indiceted belor: 

i. A further investigation of lift and drag, employ- 
ing smaller increments of transverse position, in 
the range from one-third radius port to one-tyird 
radius starboard. 

2. A further inveetigetion employing warious combinations 
of tunnel and propeller speeds. 

3. A further investigation employin: various combinations 
of rudders ana propellers. 











A conpl-te investigation of flow conditions acro 
te Oroveller race uSima & Bhherice® or universe 
Ditet tuoe. whis voule elimloscte the necarvaitys 
for @6eunin’ that @nile of attec eOuuLe Teer 


anile. 


ep 
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VI. CORCLUSIONS 


operating 


Sione may 


For a rudder of the type used in these experiments, 
behind a right-hand propeller the following conolu- 
be atated;: 

A. Lift Coefficient 

i. For right rudder, rwider position for 
maximum Cy varies from one third of the propeller 
radius to the port sice of the propeller center 
line at an angle of attack of 25° to one third of 
the radius on the starboard side for an angle of 
O°. A reasonable mean position for optimum C, at 
all angles of attack could be taken at the center 
Line. 

2. For left rudder, maximum GL for all angles 
of attack occurs at a rudcer pasition apyvroximitely 
one third of the propeller radius to the port side 
of the propell-r centerline. 

3. An average of right and left rudder values 
for optimun Cy indieates that thie will occur at a 
rudder position between one sixth and one third of 
the propeller radius to the port side of the pro- 
peller centerline. 

B. Prag Coefficient 

1. For right rudder, the rudder position for 
minimnun Cp occurs at about five sixths of the pro- 
peller radius to the port side of the propeller 


centerline. A position of high C, occurs between 
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one 6izth and one half of the propeller radius 
on the port side. 

<e For left rudder, a rudder position of 
approximately one sixth of the propeller radius 
on the starboard sice of the propeller centerline 
gives minimum Cp. Maximum valuee of Cy occur at 
about one half of the propeller radius on both 
sides of the centerline and cecrease with further 
movement towards both extremes of the race. 
C. Optimum Rudder Location 

On the basis of this investication alone, using 

a single right-hand turning propeller, a single 
rudéer and constant speed, there is evidence to 
indicate that an optimum rudder location, not 
necessarily on the centerline, does exist where 
high liftedrag ratio and high C,; ocour simul tane- 


ously. 


+ hl 





VII.  ARCOBNNLATIONS 
Lt is reco _mended that future investigations be 
alon« the lines inaicated below: 

1. A further investigation of Lift and drag, exmnloyling 
Bmaller increments of transverse position, in the range fron 
one-third port to one-third starbourt. 

Ze A Yurther investi.etion employing varioue combinations 
of tunnel ane propeller speeds. 

3. A further investigfation amploying various combinations 
of midcers and provellers. 

4, & complete investigation of flow conditions across the 
propeller race using a spherical or universal pitot tube. This 
would eliminate the necessity for assuming that ansle of attack 


ecuals rudder angle. 


re 








Vit". APMP 
A. Supplementary Introduction 

Certain phases of the investi.ation not included in 
the msin body of the revort are vresented here for the benefit 
of those interested in the technical capects of the problem eo 
that the methods used and results obtained muy be independently 
evaluated. 
B. Details of Procecure 

Ll. Propeller speed - The propeller revolutions were deter 
minec by an electric clock counter mechanism which au- 
tomatically counts the revolutions over intervals of 
one tenth of a minute . 

2. Tunnel speed - For the purpose of setting tunnel speed, 
a magneto was attached to the tunel Impeller shaft and 
the voltage generated was read on a copper oxice recti- 
fier type voltmeter. This arrangesent was used for the 
coarse adjustment; the fine velocity reading being given 
by the fixed pitot tube desoribed in the body of this 
revorte. 

3. Modification to propeller tunnel - Reversing the flov 
in the tunnel was uccomplished by a switching arrange- 
ment whieh reversed the polarity of the impeller motor. 
It was necessary, hovever, to provide an additional 
thrust bearings on the impeller shaft, since the existe 
ing bearing was capable of resisting thrust in the 


anesd direction only. 
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4. Dynemometer calibraitton curves - It shoul’ be noted 


that the calitration curves shown in Figure 23 are 
not consicerec reliable for th3 upper transverse, 
upper longitudinal, and tordque gauges. During the 
calibrations it wus found that the curves for the 
lover transverse and lower longitudinal gauges 
could be repeated at will, but thst the curves for 
the upper gauces were somevhset erratic, while those 
for the torcue cauges seemed to cepend selely upon 
the tension in the machine screws which secured the 
linkages to the etrain gauce itself. Since the 
tension in these screvs varied widely from one cali- 
bration run t> another (although it could be held 
constant during any sincle run) and further since 
during the test runs the tension in these secre: 
changed due to the vibration in the dynamometer, 
the use of the toroue gauge wes abandoned. On the 
other hand, both calibration and test reacines could 
be repeated easily for the tyvo lower gaucese and this 
thesis relies upon the reacings of thease two gauges. 
Tables of data and calculated coefficients = TABLE: I 
through xAIV. 
Original data is shown in the tables includsd in the 
following pa:es under the columns marked LOVER LONGI TU- 


DIVAL GAUG# R™VADING and LOVUR TRANSVAS® GAUGE READING. 


mth 








TABLE I 


TABLE OF DATA AND CALCULATED COEFFICIENTS 
RIGHT RUDDER 
RUDDER POSITION: 3" TO PORT OF CENTERLINE 
ZERO GAUGE READINGS: 


LOWER LONGITUDINAL 5835 
LOWER TRANSVERSE 


6005 
ANGLE OF LIFT DRAG 
ATTACK COEF. COEF. 





fy av,” = 11.585 





TABLE II 


TABLE OF DATA AND CALCULATED COEFFICIENTS 
LEFT RUDDER 
RUDDER POSITION: 3" TO PORT OF PROPELLER SHAIT 
ZERO GAUGE READINGS: 


LOWER LONGITUDINAL 5810 
LOWER TRANSVERSE 5970 


LIFT DRAG NORMAL 
COEF. COEF. FORCE 
COEF. 


era .1499 0214 


1472 
203 -0690 . 2864 .0193 


- 5910 








TABLE III 
TABLE OF DATA AND CALCULATED COEFFICIENTS 


RIGHT RUDDER 
RUDDER POSITIONs 2" TO PORT OF PROPELLER SHAFT 
ZERO GAUGE READINGS: 


LOWER LONGITUDINAL 9855 
LOWER TRANSVERSE 6005 


LI¥tT DRAG NORMAL 
COEF COEF. FORCE 
COEF. 


5730 5880 -.0636 | .0604 | -.0636 0604 
5720 6155 0781 | 0662 20836 20591 










maz | vse Pais | son | 0205 
pe | sao | reso | os | weeas | sree | sonra 
reise | 7760 | 520 | «sro | om | sae 





TEMPERATURE °F 47 





TABLE IV 


TABLE OF DATA AND CALCULATED COEFFICIENTS 
LEFT RUDDER 
RUDDER POSITION: 2" TO PORT OF PROPELLER SHAFT 
ZERO GAUGE READINGS: 


LOWER LONGITUDINAL 5810 
LOWER TRANSVERSE 5970 


ANGLE OF 
ATTACK 


Tae [cess | cote | «zen | owe | sow | nme 
Tas [ews | woo | ames [ae | sem | cir 
Tae [ene [aoe [ams oxo | cance 
| os, | = | oe | ae |e 





TEMPERATURE OF 60 


I, av,” = 11.546 








TABLE V 
TABLE OF DATA AND CALCULATED COEFFICIENTS 


RIGHT RUDDER 
RUDDER POSITION: 1" TO PORT OF PROPELLER SHAFT 


ZERO GAUGE READINGS s 


LOWER LONGITUDINAL 98355 
LOWER TRANSVERSE 6005 


[oT ee [see en [acl alee 


5100 8000 1.041 
4910 8300 1.199 





TEMPERATURE ° F 46 


fav,” = 11.556 





TABLE VI 


TABLE OF DATA AND CALCULATED COEFFICIENTS 
LEFT RUDDER 
RUDDER POSITION: 1" T0 PORT OF PROPELLER SHAFT 
ZERO GAUGE READINGS: 


LOWER LONGITUDINAL 5810 
LOWER TRANSVERSE 597% 


ANGLE OF 








TABLE VII 


TABLE OF DATA AND CALCULATED COEFFICIENTS 


RIGHT RUDDER 


RUDDER POSITION: ON CENTERLINE OF PROPELLER SHAPT 


ZERO GAUGE READINGS s 


LOWER LONG rena 58355 
LOWER 6005 


LIFT TANGENT. 
COEF. CORP e FORCE FORCE 
COEF. COEF. 


5765 61251 61285 | 0292 


a 





TEMP ERATURE OF 44 


fh avo” = 11.556 





TABLE VOI 
TABLE OF DATA AND CALCULATED COEFFICIENTS 
LEFT RUDDER 
RUDDER POSITION: ON CENTERLINE OF PROPELLER SHAFT 


ZERO GAUGE READINGS: 


LOWER LONGITUDINAL 5810 
LOWER TRANSVERSE 5970 













TABLE IX 


TABLE OF DATA AND CALCULATED COEFFICIENTS 
RIGHT RUDDER 
RUDDER POSITION: 1* TO STARBOARD OF PROPELLER SHAIT 
ZERO GAUGE READINGS: 


LOWER LONGITUDINAL 5810 
LOWER TRANSVERSE 6010 


ANGLE OF 


Sehes 
COEF. 





TEMPEPATURE °F 54 


fh AV,° = 11.550 





TABLE X 


TABLE OF DATA AND CALCULATED COEFFICIENTS 
LEFT RUDDER 
RUDDER POSITION: 1" TO STARBOARD OF PROPELLER SHAFT 
ZERO GAUGE READINGS: 


LOWER LONGITUDINAL 5810 
LOWER TRANSVERSE 5970 


ANGLE OF 
ATTACK 


- 1596 0177 


Tes | wo a 
a 
ee 
Te see [ae [aes [oe 
a 
Pa 





TEMPERATURE Or 62 
fo a¥° = 11.543 





TABLE XI 


TABLE OF DATA AND CALCULATED COEFFICIENTS 
RIGHT HUDDER 
RUDDER POSITION: 2" TO STARBOARD OF PROPELLER SHAFT 
ZERO GAUGE READINGS: 


LOWER LONGITUDINAL 5810 
LOWER TRANS VERAE 6010 


- 7683 -.1272 








TABLE XII 


TABLE OF DATA AND CALCULATED COEFFICIENTS 
LEFT RUDDER 
RUDDER POSITION: 2" TO STARBOARD OF PROPELLER SHAFT 
ZERO GAUGE READINGS: 


LOWER LONGITUDINAL 5810 
LOWER TRANSVERSE 5970 


ANGLE OF LOWER LOWER LIFT DRAG 
ATTACK LONG'L | TRANSVERSE COEF COEF. yon. gba 
GAUGE GAU GE COEF COEF. 
READING READING 


= |e 
ee ee ee 
ae [se [ewe es [oe [wee | oer 
as [sw [ame wns | aes | tes | sor 
[se [ae | ee ae [eo | mone 
= [se [ae [a [ae 

eae [es fone [oe [iene | =e0 








TABLE OF DATA AND CALCULATED CORFFICIENTS 
’ 
RIGHT RUDDER 
RUDDER POSITION: 3" TO STARBOARD OF PHOPELLER SHAFT 


ZERO GAUGE READINGS: 


LOWER LONGITUD INAL 5810 
LOWER TRANSVERSE 6010 


TABLE XIII 





TEMPERATURE ° F 57 


fr AYO” = 11.548 





TABLE OF DATA AND CALCULATED COEFFICIENTS 
LEFT RUDDER 
RUDDER POSITION: 3" TO STARBOARD OF PROPELLER SHAFT 
ZERO GAUGE READINGS: 


LOWER LONGITUDINAL 5810 
LOWER TRANSVERS Z 5970 


NORMAL 
FORCE 
COEF 





TABLE XIV 





ee 


AP UUNDLA (Continued ) 


D. Samole Calculations 


Coefficient sulculitions 


Yates 


yynamometer ~ zero reading 
Dynamometer ~ 20° right mudder reading 


iransverse position 
Propeller speed 


Febdle Lil 


Cefer to 


2 inches port 
1500" Ree. ws 


Averane Speed of race 


at rudder (V,) 
Rudder angle 
Vater temperature 


Rudder area 


LL (Lower longitudinal ) 

LT (Lower transverse) 3 & 

Mase Censity of water (P) 1.9398 lb. sec.</ft. 
LL 


DiAarference 


Slone of calibration curve 


sin 20° 
Drag x sin 20° 
Lise x 63% 20 


Lift 


a a: ee we 


coss 


COBS 


i gl eT hp ae a Pe 


166 mu/lb. 


11.94 ft./Bec. (fromRie. 3) 
20° TAAL 

LLPOF, 

-0836 eq. ft. 

5620 micro units 


6790 micro unit 


LT 


5835 mu 60905 mu 

20 mu 71.20 mu 

= mi dO eB 8 
(decreasing) (increasing) 


150.5 mu/lb. 166 mu/lb. 


- 6.620 lbs. 

» 3420 Gos 20° = ~ 3397 

~716 lbs. Drug x cos 20° = 1.965 lba. 
2.295 lbs. Lift x cop 20° > 6.3 Tbe. 


+ Drag eine 3: 


al oad 


1.9398 x .0836 x (11.94)? 


OS wwe eee OP ee oe a ee ee ee ee ee eee ee Oe 


6.31 lobe. + .716 Tie 7.03 Lbe. 


Lift gine =: 1.965 lbe.- 2.295 lbe.= —. 330 lbs. 


= £1355 Lbs. 





Slio calculation 





Propeller AR.P.M. 2 15006 
oe a 25 
Rudder q * a OT. 
p/a = Lr. @ 
px m® = 25 .§ -12.5 ft./sem. 
Tunnel ¥V = @ae2 ft./oec. 
Mgeso ~ ig! oak 
Sig -~- SEGtLWc cess Teak 
D 13766 x 100 10. 244‘ 


=- € - 





4 
W 
Ine 
q 
al 
Oo 








pesirion: € 








at ke AMME 1 
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2. C. ™%. Hagen - "dydrodynamic Che racterlealiak of ail " 
Rudders Locuted at Four Ati artshly Por Ltlons Reger 


minec frin Vests on a Hodel of tne U.S.5. Vinmerman, 


Vas 


DD 528" mvid Taylor Mocel Baein Veport C-6¢ 


3. #. mw. Lewitt ~- 'rropeller eating Tunrel at the 
Hassacnusette institute of ‘echnologyv' .:1.A.iat. 
Transactions, Volume 47, 153%. | 
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Brerec, 1942. 

5. HK. I. Gogen and M. A. Tara - "The “ffect of Asvect 
RatiLo and Thickness Ratio on Rudcer Toraue, Lift, 
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